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AbstractThe demand of poultry products and prices are increasing very rapidly. Therefore, modern poultry industry is using 
mechanical ventilation system in closed housing to support the increased growth rate of the birds. Ventilation system is used to 
produce the healthier and quality broiler by reducing indoor air pollutant concentration and temperature. Currently, the price of 
fossil fuel is increasing day by day; therefore, minimization of overall cost of poultry production needs reduction in energy 
consumption or introduction of cheaper and alternative energy sources. Although solar heating system is used in broiler 
industries during winter but limited research was done on natural wind-driven ventilation system. In the current study, natural 
draft chimney was modified with wire mesh screen and was designed for the enhanced ventilation.  In laboratory, it was found 
that the modified chimney significantly minimized the draft losses and increased the ventilation rate up to 60 to 90 percent 
compared to the normal conventional chimney. The Computational Fluid Dynamics (CFD) showed that the chimney performance 
was significantly improved in the modified solar chimney than that in the normal one. It is suggested that modified solar chimney 
can be used to replace the mechanical ventilation system in poultry farming to reduce the production cost as well to meet the 
demand of animal protein for human beings. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Department of Mechanical Engineering, Bangladesh University of 
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To maintain broiler health and ensure optimum production rate, it is needed to take away the gases, heat and 
particulate matter (PM) from broiler house. A good ventilation system is used in broiler house for taking away these 
pollutants to atmosphere [1, 2, 3]. This makes the ventilation system as an essential component for poultry farm. A 
good ventilation reduces indoor contaminates significantly and improves air quality as well as keeps broiler 
comfortable at hot climate by using the cooling effect of high ventilation rate [4]. Natural or mechanical ventilation 
systems are used in the poultry industries depends on number of birds in the broiler house. In the natural ventilation 
system, heat sources control the rate of ventilation whereas, in the mechanical ventilation system mechanical 
equipment’s are used for creating draft for ventilation [5, 6]. The poultry industries widely used properly designed 
mechanically operated pad cooling with ventilation system but it is relatively expansive because of high operating 
cost. The alternative or renewable energy such as solar chimney is used to enhance the natural ventilation in house, 
dryer etc. but the use of alternative energy for ventilation in the poultry or broiler house are very limited in literature 
[7], therefore, the aim of this paper is to design and modelling a new type of ventilation system for broiler or poultry 
house to reduce the operating cost by introducing an alternative option. 
2. Literature Review 
In poultry industries, ventilation system creates air velocity that has a significant influence on animal heat loss.  
In addition, ventilation system is used not only for the control of indoor environment and reduces gas concentration 
but also to achieve a suitable air velocity in the broiler house for the animal, especially in summer [8]. So, in the hot 
climate the primary function of the ventilation is removing the heat produced by broiler [9]. In practice, most of the 
commercial broiler farms in the tropical region use mechanical ventilation system (fans) by adjusting the inlets to 
ensure the differential pressure between inlet and outlet [8]. Due to increasing price of fossil fuel and to reduce the 
poultry production costs, need to minimise the energy uses in the broiler production. About 43% of the electric 
energy is used to run mechanical ventilation system, so fanless or natural ventilation system will be a valid option 
for effective broiler house [10]. The natural ventilation can be used but it's main identified problem is it does not 
provide adequate air ventilation or temperature reduction for commercial farms [11]. Although the research effort in 
using alternative energy (solar energy) in various forms for broiler industries is started since 1950’s but most of the 
researches focused on heating system during cold weather but very limited research was focused on solar chimney 
ventilation system. Solar chimney can be alternative option to enhance the ventilation rate but the height of the 
chimney is identified as main barrier to establish this technology for sufficient ventilation [12]. Research on natural 
draft chimney was carried out at the School of Engineering and Information Technology, Universiti Malaysia Sabah. 
The natural draft chimney was modified with wire mesh. The inlet air velocities were found to be more than double 
in the modified natural draft chimney compare with normal chimney. The differential pressure reading in the 
modified with solid wall chimney were also much higher compared with a normal chimney.  This indicates that 
modification in the natural draft chimney model restored velocity losses and differential pressure losses 
significantly. The multiple regression models found that the velocity and differential pressure losses were indirectly 
proportional to apparent heat gain ratio (ratio between heat transferred to the air and heat supplied to system). In 
addition, it was found that modified chimney exit temperature was increased with respect to the ambient temperature 
and it was directly proportional to the ratio of total chimney height with respect to solid wall chimney height. For 
the same heat load, modified chimney significantly increased the apparent heat gain ratio and this higher apparent 
heat gain ratio eliminates the problems of normal chimney. After carefully considered all the outcome of the 
chimney projects it is plan to use modified solar chimney in the poultry house to replace the mechanical ventilation 
system as well as to get more financial benefit than normal. Hence, it is a new idea; therefore, CFD is used to 
evaluate the performance of the modified chimney on poultry house ventilation to replace the mechanical system 
[13, 14]. 
3. Materials and Methods 
The basic assumption of this paper was to evaluate the modified chimney performance as a replacement of 
mechanical ventilation system in the broiler house. Details experimental setups were mentioned in the earlier paper 
[14]. During experiment, just to understand the effect of wire mesh on chimney, three different normal and modified 
chimneys, having face area 0.56m2, 1.00m2 and 2.56m2 were used for the experiments. Total 12 numbers of K type 
thermocouples were used to investigate the temperature profile inside and outside the chimney during experiment. In 
addition, a vane anemometer (Airflow LC-430 VA), a Furness Controls (FC-0320) differential, a voltmeter and a 
clamp multi-meter were the principal instruments. PHOENICS 2012 software was used to investigate the effects of 
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modified chimney on broiler house ventilation system. Therefore, two models was design with chimney, one having 
wire mesh at exit and another with no wire mesh. Single-instance flow-simulation scenarios, kechen turbulence 
model and air as ideal gas were considered for analysis the problems. It was also considered that only natural 
convection process was taken place during operation of broiler house and side walls were perfectly sealed so there 
was no leakage from the wall side. The software was also used to determine the exit air velocity and to understand 
the flow mechanism at the exit of the model.  
4. Results and Discussion  
By using three different chimney models a total of 96 sets of experiments were carried out. To ensure the 
accuracy of the experiment were replicated three times for solid wall chimney and modified chimney (Solid wall 
chimney with wire mesh). The experimental results showed that maximum air volumetric flow rate 0.018m3/s can be 
achieved with modified chimney whereas in the normal chimney the value was approximately 0.012m3/s (Figure 1 
and Figure 2). Previous studies have shown that broiler house needs 1.3 m/s to 2 m/s air velocity [8, 15, 16, 17, 
18,19] which can be achievable by solar modified chimney with heat load 1kW per square meter. In all experiments 
on an average 3% error war found. The experimental results also showed that for the same heat load modified 
chimney has better flow rate compare to the solid wall chimney, because the wire meshes in the modified prototype 
chimney notably minimize the losses, as a result, enhance draft as well as remarkable increase of air flow rate are 
achieved.The results also confirmed by the PHOENICS simulation software. The examples of the outcomes are 
shown in Figure 3 and Figure 4. The simulation result showed that use of modified chimney has significant effect on 
flow pattern. In the model with normal chimney (Figure 4) shows significant effect on entrainment air and flow 
reversal or cold inflow at the exit point that resulted less velocity compare to model with chimney and wire mesh.     
  
Fig.1. Relation between heat load and air flow rate in modified chimney 
model 
Fig. 2. Relation between heat load and air flow rate in normal 
chimney model 
 
 
Fig. 3. Estimated air velocity in house model with modified chimney Fig. 4. Estimated air velocity in house model with normal chimney 
5. Conclusions 
The model broiler house with modified chimney has higher the air flow rate compare to model with normal 
chimney. The effect of entrainment air and flow reversal or cold inflow in the model with normal chimney exists 
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that disturb the exit air and reduce the air flow rate in the broiler house model. The improvement was significant in 
the simulation results of the model with modified chimney. The laboratory experiment on chimney performance was 
also showed that modified chimney had 60 to 90 velocity improvements compare to normal chimney.  Therefore, 
broiler house with modified chimney can be used for broiler house ventilation and can reduce consumption of 
electricity as well as the cost of broiler production. Although the date rate broiler is higher in natural ventilation 
system but broiler house with modified chimney will decrease death rate of broiler by increasing the natural 
ventilation rate. 
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